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The joining of metal tubes to composite plates is required for heat-rejection 
components in several space applications. Currently a number of different braze 
compositions are being evaluated as to their effectiveness. Such tube-plate 
configurations cannot be represented by traditional methods of testing, e.g., lap 
joints. The joined region is not between two flat surfaces, but rather between a flat 
surface and a curved surface. Therefore, several tests have been employed to 
ascertain the effectiveness of the different braze approaches in tension that are both 
simple and representative of the actual system and relatively straightforward in 
analysis. The results of these "tube tests" will be discussed for the three different 
braze compositions, Cu-ABA, Ti-Cu-Sil, and Ti-Cu-Ni. In addition, fracture analysis of 
the failed joints was performed and offers insights into the cause of joint failure and 
the distinctions which need to be made between the "strength" of a joint versus the 
"load carrying ability" of a joint. 

















ntal: Processing 

* Tubes (12.7 mm diameter) joined to T-300 C/C plates (C* 
CAT Composites, TX) using three braze compositions 
(Morgan Advanced Ceramics, Inc.): 
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Composition 


TiCuNi 1 70TL15Cu,15Ni 

■ - i 


TiCuSil j 68.8 Ag, 26.701,4.511 


Cu-ABA i 92.8Cu.3Si,2AI,2.25Ti 


• Specimens were made with outer ply fibers oriented in 
either parallel to tube direction or perpendicular to tube 
direction 

» Some C/C plates were grooved in order to increase the 
contact area of the joint 
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ExperimentaS: Testing and Evaluation 

• Tube tensile tests were performed on an 
Instron 4502 

- Steel leaders (45 lb test, Eagle Claw, Denver, CO) 

- Loading rate of Imm/min 

• The fracture surfaces were analyzed optically 
to determine the location of joint failure and 
the area of contact between the tube and the 
C/C plate 

• Modifications were made based on analysis 
to improve load carrying ability 
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| Perpendicular oriented joints have higher load- 
i carrying ability 
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Engineering Load per Plate Width 
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Tf-Cu-Ns = Highest “stress” but lowest load-carrying ability 
SLSS of C-C plates = 4 MPa - Significantly higher than failure stress 
•Failure of joints occurs in outer ply * significant stress-concentration 
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Braze Composition and Fiber Orientation 
Summary of Results 

• Cu-ABA has highest load carrying ability 

• AN fractures occur within the C/C composite 

» Composites with surface ply fibers oriented 
perpendicular to the tube axis were stronger 
than those with surface piy fibers oriented 
parallel to the tube axis 

• The highest failure loads typically 
corresponded to the largest fracture areas 

- Ti-Cu-Ni had small contact areas and the highest 
failure stresses -> If contact area could be 
increased, significant load carrying ability possible 
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Conclusions 

* The tube-plate tensile test proved to be an 
effective means of evaluating the load 
carrying ability of the different braze 
compositions 

® Cu-ABA had the best load-carrying ability of 
the three braze compositions due to superior 
braze spreading and penetration properties 

* Fiber architecture and plate topography also 
effect load-carrying ability and can be utilized 
to improve load-carrying ability 
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Further Study 

e Other fiber types, architectures, and 
configurations 

* Adhesives 

9 Tube-Plate Shear Test 
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